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Objective: The purpose of this narrative review was to highlight recent research in the rehabilitation of
people with osteoarthritis (OA) by summarizing ﬁndings from selected key systematic reviews and
randomized controlled trials (RCTs).
Methods: A systematic search was conducted using the PubMed, Physiotherapy Evidence Database
(PEDro) and Cochrane databases from April 1st 2014 to March 31st 2015. A selection of these is discussed
based on study quality, relevance, contribution to new knowledge or controversial ﬁndings. Methodo-
logical quality of RCTs was assessed using guidelines from PEDro.
Results: From 274 articles, 74 were deemed to meet the eligibility criteria including 24 systematic re-
views and 50 studies reporting on ﬁndings from RCTs. Overall the methodological quality of the RCTs was
moderate. The studies were grouped into several themes covering; evidence of rehabilitation outcomes
in less studied joints including the hand and hip; new insights into exercise in knee OA; effects of
biomechanical treatments on symptoms and structure in knee OA; and effects of acupuncture.
Conclusions: Exercise was the most common treatment evaluated. Although little evidence supported
beneﬁt of exercise for hand OA, exercise has positive effects for hip and knee OA symptoms and these
beneﬁts may depend upon patient phenotypes. The ﬁrst evidence that a brace can inﬂuence knee joint
structure emerged. The latest evidence suggests that acupuncture has, at best, small treatment effects on
knee OA pain of unlikely clinical relevance.
© 2015 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
In the absence of a cure, current treatment of osteoarthritis (OA)
aims to improve pain and function and enhance quality of life.
Slowing structural disease progression is also important to help
reduce the rate of costly joint replacement surgery for advanced
disease. The evidence base for the management of OA is rapidly
expanding with recent updated clinical practice guidelines pub-
lished by a number of societies1e4 including the Osteoarthritis
Research Society International (OARSI)5. All highlight the key role
of non-drug, non-surgical treatments for the management of OA
with a focus on self-help and patient-driven treatments rather than
on passive therapies delivered by clinicians. This narrative review
will highlight the latest research developments in the area of
rehabilitation for OA by summarizing ﬁndings from selected key
systematic reviews and randomized controlled trials (RCTs)K.L. Bennell, Department of
, Victoria 3010, Australia. Tel:
nnell).
ternational. Published by Elsevier Lpublished over a 1-year period from April 1st 2014 to March 31st
2015. For the purposes of this review, we deﬁned rehabilitation as
all non-drug, non-surgical physical modalities including exercise,
manual therapy, acupuncture, braces, shoe orthotics, balneo-
therapies and electrotherapies (e.g., transcutaneous electrical nerve
stimulation). We did not include psychological interventions such
as cognitive behavioural therapy.Method
Systematic literature searches were performed in the PubMed,
Physiotherapy Evidence Database (PEDro) and Cochrane databases
from April 1st 2014 to March 31st 2015 inclusive. Key words
included OA, knee; OA, hip; OA, hand; physical therapy modalities;
physical therapy; physiotherapy; rehabilitation; and exercise (See
Appendix). The searches were limited to studies published in En-
glish that included adult human participants with a diagnosis of
knee, hip or hand OA. Study designs included were systematic re-
views and RCTs. Studies were eligible if the majority of patients had
symptomatic OA, deﬁned either clinically or using radiographs. We
excluded protocols for RCTs, abstracts without a full article,td. All rights reserved.
K.L. Bennell et al. / Osteoarthritis and Cartilage 24 (2016) 58e70 59conference proceedings, papers that replicated data from another
article (secondary analyses from RCTs were eligible), and studies of
outcomes after surgery (such as rehabilitation following joint
replacement), oral or injectable medications, neutraceuticals and
dietary weight loss (unless accompanied by exercise). Following
the initial search, the titles and abstracts of the articles were
reviewed based on the eligibility criteria. Methodological quality of
RCTs was evaluated using the PEDro scale, which has been reported
as a reliable tool to assess quality of trials6 (ranging from 0 to 10
with 10 being maximum). PEDro scores were largely available on
the PEDro database (71%) and in the event where the PEDro score
was not available from the database, the authors assigned a PEDro
score (29%). A sample of eligible studies (systematic reviews and
RCTs) was then selected to highlight in this review based on factors
including study quality, relevance to the rehabilitation of people
with OA, contribution to new knowledge or controversial ﬁndings.
Results and discussion
The initial searches revealed a total of 274 articles with 74 of
these deemed to meet the eligibility criteria. These included 24
systematic reviews and 50 studies reporting on ﬁndings from RCTs
(Tables I and II). Table II includes a summary of the methodology of
the 50 identiﬁed RCTs. In general, there was considerable meth-
odological variability between studies. PEDro scores ranged from 2
to 9with amedian score of 7 (interquartile range 5e7). The primary
issues related to failure to blind the exercise therapist (98%) and
blind the participants (92%) which is often difﬁcult or impossible in
many rehabilitation trials. Other issues included lack of intention-
to-treat analysis (44%) and high attrition rates (38%). Following a
discussion and consensus among the authors (KLB, MH, RSH), a
selection of these studies (systematic reviews and RCTs) were
grouped into themes covering; evidence of rehabilitation outcomes
in less studied joints including the hand and hip; new insights intoTable I
Summary of study designs and topic areas covered by rehabilitation articles pub-
lished in the year under review
Type of study design and topic No. of
articles
Reference
Systematic reviews 24*
Exercise/physical activity for knee OA 7 15,17,47e51
Aquatic exercise and/or balneotherapy
for lower limb and hand OA
3 52e54
Orthoses and/or bracing for knee OA 3 35,38,39
Rehabilitation interventions for
thumb OA
2 55,56
Exercise for hip and knee OA 2 16,57
Whole body vibration for knee OA 2 58,59
Weight loss for hip and knee OA 1 57
Exercise and depression including
OA at unspeciﬁed joint
1 60
Exercise for hip OA 1 61
Compression gloves for hand OA 1 62
Acupuncture including OA at
unspeciﬁed joint
1 43
Randomised controlled trials 50
Combined therapies 8 13,63,64,66e68,95,99
Exercise/physical activity 20 8,9,11,12,22e24,27,28,33,69e78
Electrotherapy 9 79e87
Spa therapy/balneotherapy/mud bath 2 88,89
Acupuncture 4 46,90e92
Bracing 2 40,93
Lateral wedges insoles 1 94
Taping 2 65,98
Manual therapy 1 96
Gait retraining 1 97
* Number of interventions exceeds the number of articles as more than one
intervention was investigated in some articles.exercise in knee OA; effects of biomechanical treatments on
symptoms and structure in knee OA; and effects of acupuncture.Rehabilitation outcomes in hand OA
There have been limited and conﬂicting ﬁndings for the effect of
rehabilitation strategies in patients with hand OA with studies
often having methodological issues including small sample sizes.
As such, clinical guideline recommendations have been based
largely on expert opinion rather than on strong evidence1,7. In the
year under review, two RCTs investigating the effect of exercise for
hand OA were published, each with much larger sample sizes than
previous studies8,9. Both studies reported no or limited exercise
effects. In the largest study to date, Dziedzic et al.8 used a factorial
design evaluating exercise and joint protection education
compared with control (leaﬂet and advice) in 257 people with hand
OA. They found that a home program of daily hand and thumb
stretching and strengthening exercises, together with four group
sessions led by an occupational therapist, was nomore effective at 6
months, based on the OMERACT-OARSI responder criteria, than no
exercise (28% vs 25% responders respectively; adjusted odds ratio
1.14, 95% CI 0.59e2.20). This lack of effect was apparent despite
good adherence to the exercise program. In the other study, Osteras
et al.9 evaluated a 12 week home exercise program comprising
upper limb and hand stretching and strengthening exercises (per-
formed three times weekly) and supplemented by four groups
sessions with an occupational therapist in 130 people with hand
OA. Compared with usual care, they found no signiﬁcant effect of
the exercise program on one primary outcome (functional index for
hand OA; adjusted mean diff 0.5 points, 95% CI 1.6e0.6, score
range 0e30), small but clinically irrelevant beneﬁts of exercise on
the other primary outcome (patient speciﬁc functional scale;
adjustedmean diff 0.9 points, 95% CI 0.1e1.7, score range 0e10), and
no effect of exercise on most secondary objective performance-
based tests. There were no signiﬁcant between-group differences
in any outcome at 6 months showing that any beneﬁts of exercise
were not maintained over time. Taken together, the results of these
two trials do not provide support for the use of exercise to manage
hand OA and challenge current clinical guideline
recommendations.
In the rehabilitation of hand OA, clinicians often provide edu-
cation and advice about techniques to protect the hand joints
during everyday activities. In their factorial RCT, Dziedzic et al.8 also
tested the efﬁcacy of joint protection education delivered by an
occupational therapist via four group-based weekly education
sessions. The intervention provided education about hand OA and
its management, managing pain during everyday activities, how to
change habits, short- and long-term goal setting, weekly individ-
ually negotiated home programs to practice taught skills, and
weekly review of these home programs. Participants were provided
with workbooks that included key points from each session, pho-
tographs of people with hand OA demonstrating joint protection
techniques and weekly activity diaries to complete. The results
showed that at the 6-month primary time point, a signiﬁcantly
greater proportion of patients who received joint protection edu-
cation met the OMERACT-OARSI responder criteria (33%) compared
to those who received no education (21%) (adjusted odds ratio 2.10,
95% CI 1.09e4.04). However, beneﬁts were not maintained at 12
months suggesting that joint protection principles may need to be
reinforced at regular intervals. While the results of this study
provide evidence supporting a joint protection education program
delivered by occupational therapists, it is noteworthy that 67% of
participants receiving this intervention did notmeet the OMERACT-
OARSI responder criteria. Further research is therefore needed to
K.L. Bennell et al. / Osteoarthritis and Cartilage 24 (2016) 58e7060identify additional effective treatment options for people with
hand OA.
Rehabilitation outcomes in hip OA
A relatively limited number of studies have investigated the
effects of exercise for hip OA. A recent updated Cochrane review by
Fransen et al.10 located 10 RCTs of which seven were deemed to
have a low risk of bias. Evidence from nine trials (594 participants
with hip OA) found that land-based exercise reduced pain (stand-
ardised mean difference (SMD) 0.38, 95% CI 0.55e0.20) and
improved physical function (0.38, 95% CI 0.54e0.05) imme-
diately after treatment compared to no exercise control, with few
side effects. Following cessation of treatment these improvements
were sustained for 3e6 months. The authors rated the overall ev-
idence as high quality, meaning that further research is unlikely to
change the estimate of these results. Whilst there was no beneﬁt of
exercise on quality-of-life this outcome was only investigated in
three studies (183 participants), thus further research into the ef-
fects of exercise on quality of life in hip OA is needed. Whilst the
results of this Cochrane review demonstrate a relatively modest
effect of exercise for pain and function in patients with hip OA, the
authors also acknowledged that the magnitude of effects may have
been over-estimated given the lack of participant blinding and use
of patient-reported outcomes in trials to date.
Effectiveness of neuromuscular exercise addressing functional
instability and impaired muscle function for end-stage hip or knee
OA was investigated in a RCT by Villadsen et al.11 involving 165
patients about to undergo joint replacement. The study compared
an 8-week physiotherapist-supervised neuromuscular exercise
program with an educational package. Only one patient dis-
continued the exercise intervention owing to pain exacerbation
indicating that such exercise is well tolerated even in those with
end stage disease. There was a signiﬁcant post-intervention dif-
ference between mean change in the Activities of Daily Living
subscale of the Hip disability/Knee Injury and Osteoarthritis
Outcome Score (HOOS/KOOS) in favour of the exercise program
(mean difference 7.2 points, 95% CI 10.9e3.5, P ¼ 0.0002).
However, the magnitude of the effect failed to meet the authors' a
priori clinically relevant change of 10 points on this HOOS/KOOS
subscale. When the results were analysed separately for hip and
knee OA, a clinically relevant difference was seen for hip OA (mean
difference 10.9 points, 95% CI 15.e5.8, P < 0.0001) but not for
knee OA (mean difference 3.5 points, 95% CI 8.8e1.8, P ¼ 0.192).
Furthermore, the number needed to treat for one patient to report a
clinically meaningful improvement (15%) in the HOOS/KOOS
subscalewas 23 for knee OA and four for hip OA. The results suggest
that the program of neuromuscular exercise tested in this study
may bring some beneﬁt for people with end-stage hip OA but not
knee OA and that studies should investigate outcomes separately at
these joint sites. However, given the post hoc nature of the ana-
lyses, these would need to be conﬁrmed.
Few studies to date have investigated the impact of rehabilita-
tion interventions on rate of joint replacement. Svege et al.12 re-
ported on the long-term follow up of an RCT involving 109
participants with hip OA that compared a 12 week program of
strengthening, ﬂexibility and functional exercises in addition to
patient education vs patient education alone. They found the 6-year
cumulative survival of the native hip was 41% in the exercise
therapy group vs 25% in patient education alone group (Hazard
Ratio 0.56, 95% CI 0.32e0.96)12. The median time to joint replace-
ment was 5.4 years in the exercise group and 3.5 years in the ed-
ucation alone group. Although these data suggest that an exercise
program may be able to delay the need to hip joint replacement,
these data need to be replicated given the short duration of theexercise program and the well knownmarked reduction in exercise
adherence levels over time.
In the rehabilitation literature, very few clinical trials have
employed a placebo control. Over the past year, the ﬁrst placebo-
controlled trial of a physical therapy intervention for hip OA has
been published. The trial evaluated a 12-week, 10 session multi-
modal physiotherapist-delivered program (comprising education,
manual therapy, home exercise, and prescription of a gait aid if
appropriate) compared to a placebo treatment (comprising inactive
ultrasound and application of an inert gel) in 102 people with hip
OA13. Both treatments were delivered by the same physiotherapists
and were matched in terms of treatment length, number of ses-
sions and duration. While both groups demonstrated signiﬁcant
and substantial improvements in pain and function at 13 and 36
weeks that generally exceeded the minimal clinically important
differences, there were no between-group differences in outcomes.
Findings from this study suggest that improvements observed over
time with physical therapy in people with hip OA are likely to be
due to regression to the mean, natural history, and/or placebo ef-
fects rather than a direct physiological effect of the intervention
itself.
New ﬁndings in exercise for knee OA
Exercise is recommended for the treatment of knee OA by all
current clinical guidelines14. In support of this, an updated
Cochrane review by Fransen et al.15 found high-quality evidence
from 44 RCTs that land-based therapeutic exercise provides short-
term pain beneﬁt compared to no exercise (3537 participants,
SMD 0.49, 95% CI 0.39e0.59) and that this is sustained for at
least two to 6 months after cessation of formal treatment. There
was moderate-quality evidence of improvement in physical func-
tion (3913 participants, SMD 0.52, 95% CI 0.39e0.64) but
beneﬁts are no longer apparent at 6 months. Thirteen RCTs (1073
participants) showed a signiﬁcant but small beneﬁt of exercise for
quality-of-life (SMD 0.28, 95% CI 0.15e0.40). Other systematic re-
views evaluating different outcomes have found beneﬁts of exer-
cise in patients with knee OA for muscle strength16 and walking
ability17.
While exercise is widely accepted as beneﬁcial for knee OA, the
effect sizes are modest although still comparable to those from
common drug therapies18. This may be because RCTs typically use a
“one-size-ﬁts-all” approach to exercise prescription, without
tailoring exercise to clinical presentation, potentially resulting in
attenuation of treatment effects. Knee OA manifests differently
across individuals, and biomechanical factors are important de-
terminants of symptom severity19, structural disease progression20
and potentially, treatment response21. Two RCTs published during
the year in review support this latter premise. In one22, a com-
parison of two different exercise programs (neuromuscular exer-
cises performed in weight-bearing vs traditional quadriceps
strengthening performed in non-weight bearing) found modest
improvements in pain with both programs that were not signiﬁ-
cantly different between the two, leading to the conclusion that
either type of program is effective in a heterogeneous sample.
However, post hoc analyses showed that biomechanical subgroups
of people (based on presence/absence of varus thrust (a visually
observed outward bowing motion of the knee) and obesity)
responded differently to the exercise programs by amounts
exceeding the minimum clinically important difference in pain23.
Speciﬁcally, for those with a varus thrust, neuromuscular exercise
was more effective for pain relief than quadriceps strengthening,
irrespective of the presence or absence of obesity. For obese people
without a varus thrust, quadriceps strengthening was more effec-
tive programwhereas both programs were equally effective in non-
Table II
Overview of RCTs on rehabilitation
Author Sample
size
Joint Intervention
length
Intervention (s) Control comparison (s) Summary of ﬁndings as reported by authors PEDro
score
Combined therapies/comparison of 2 or more treatments
Ali et al.63 N ¼ 50 Knee 4 weeks  Manual therapy, including Maitland
joint mobilization and exercise e three
treatments weekly
 Exercise and electrotherapy e
TENS, cold pack, exercise e
three
treatments weekly
At 4 w, greater WOMAC improvements
in manual therapy group compared to
electrophysical agent and exercise group
4
Beavers et al.64 N ¼ 284 Knee 18 months  Exercise: strengthening and walking
 Dietary induced weight loss
 Exercise and diet combined
 N/A At 18 m, diet intervention
(with or without exercise)
resulted in loss of hip and femoral neck bone
mineral density in overweight/obese participants
5
Bennell et al.13 N ¼ 102 Hip 12 weeks  Education, advice, manual therapy,
home exercise and gait aid as
needed 10 visits to physiotherapist
 Sham treatment -inactive
ultrasound
and inert gel e 10 visits to
therapist
At 13 w, no between-group differences in
self-reported pain (VAS) or function (WOMAC)
nor in any secondary measures except single leg
balance. No between-group differences at 36 weeks.
9
Cho et al.99 N ¼ 37 Knee 12 weeks  Proprioceptive training
 Quadriceps strengthening
 Both supervised by physiotherapist-
twice per week
 Hot packs and transcutaneous
electrical nerve stimulation
No between-group differences in change scores.
Knee adduction moment lower in proprioceptive
training group compared to controls at 12 w
6
Duivenvoorden et al.95 N ¼ 91 Knee 6 weeks  Lateral wedge insole, wear as
much as tolerated
 Knee brace, wear as much
as tolerated
 N/A At 6 w, no between-group differences for
peak knee adduction moment, ground
reaction force or moment arm length
6
Fazaa et al.66 N ¼ 240 Knee 20 days  Spa treatment e underwater and
massage-jet showers, hydro massage,
pool and peloid therapy e 6 days weekly
 Physiotherapy, muscle
strengthening and group
rehabilitation e 6 days
per week
At 21 d, no between-group differences in
improvements in pain (VAS)
At 12 m, thermal group reported lower pain
(VAS) than non-thermal group
5
Forestier et al.67 N ¼ 214 Knee 3 weeks  Spa treatment e manual massage, mud,
mobilization in water, with home
exercises e 70 min, 18 days
 Home exercises, three
times daily
At 6 m, spa-treatment group reported greater
improvement in pain (VAS) and WOMAC score
compared to the exercise alone group
6
Marra et al.68 N ¼ 139 Knee 6 months  Pharmacist-initiated intervention
including education, pain medication
management, exercises e 6 days
per week
 Usual care From Canadian Ministry of Health perspective,
the average patient in the intervention group
cost slightly more compared to controls; which
was considered good value for money. Similar
ﬁndings from a societal perspective
4
Exercise/physical activity
Anwer et al.69 N ¼ 42 Knee 5 weeks  Ultrasound and isometric lower
limb strengthening exercise,
5 days per week
 Ultrasound At 5 w, greater improvements in quadriceps
strength, pain (NRS) and function (WOMAC)
in exercise group compared to control group
6
Bennell et al.27 N ¼ 78 Knee 12 weeks  Home exercise with two
physiotherapy booster sessions
during 12 weeks
 Home exercise with no booster sessions No between-groups differences in pain (VAS),
physical function (WOMAC) or measures of
exercise adherence
7
Bennell et al.22,23 N ¼ 100 Knee 12 weeks  Neuromuscular exercise 14
individual physiotherapist-supervised
exercise sessions plus home exercise
 Quadriceps strengthening 14
individual physiotherapist-
supervised exercise sessions
plus home exercise
At 3 m, no between-group differences in peak
knee adduction moment, pain (VAS) or
function (WOMAC)
Post hoc analyses showed neuromuscular
exercise had greater pain beneﬁt in those
with a varus thrust while quadriceps
strengthening had greater beneﬁt in obese
participants without a thrust
722, 623
Cheung et al.70 N ¼ 36 Knee 8 weeks  Group and home based yoga e once
per week guided by yoga instructor
 Waiting list At 8 w, greater improvements in WOMAC
pain and repeated chair stand time in yoga
group compared to controls
8
(continued on next page)
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Table II (continued )
Author Sample
size
Joint Intervention
length
Intervention (s) Control comparison (s) Summary of ﬁndings as reported by authors PEDro
score
Christensen et al.77
Henriksen et al.72
N ¼ 192 Knee 52 weeks  Weight maintenance after 16 week
intensive weight loss
 Exercise, partially supervised by
physiotherapist
 Diet, supervised by dietician
 No attention At 52 w, diet group maintained lower weight
compared to exercise and control groups
No between-group differences in pain (VAS),
number of responders (OMERACT-OARSI criteria)
or MRI cartilage loss, synovitis or effusion
773
Dziedzic et al.8 N ¼ 257 Hand 6 months  Hand exercise e daily home
stretching and strengthening
 Joint protection education
 Joint protection education plus
exercise
 Delivered by OT in four group
sessions held weekly
 Leaﬂet and advice At 6 m, 33% of those receiving joint protection
responded (OMERACT-OARSI criteria) compared
to 21% of those not receiving joint protection.
Of those receiving hand exercises, 28% were
responders compared to 25% with no exercise.
No between-group differences at 12 m
8
Fisken et al.71 N ¼ 35 Knee, hip,
hand, spine
12 weeks  Aqua ﬁtness program
 Delivered by aqua instructor
twice per week
 Active control group, seated
water exercises
 Delivered by aqua instructor
once per week
At 12 w, Falls Efﬁcacy Scale-International
signiﬁcant improvement in the aqua ﬁtness
group compared to controls
5
Focht et al.28 N ¼ 80 Knee 52 weeks  Group-mediated cognitive
behavioural exercise intervention,
36 contact hours across 9 months
 Traditional center-based
exercise therapy, three times
per week for 12 weeks
At 3 m and 12 m, group-mediated cognitive
behavioural exercise intervention resulted in
greater levels of physical activity than traditional
center-based exercise therapy group
6
Henriksen et al.73 N ¼ 60 Knee 12 weeks  Exercise therapy supervised by
physiotherapist e three sessions
per week
 No attention At 12 w, pressure-pain threshold, temporal
summation related to pain and pain (KOOS)
improved in exercise group compared to controls
6
Jorge et al.74 N ¼ 60 Knee 12 weeks  Progressive resistance training
for hip/knee muscles supervised
by physiotherapist e twice weekly
 Waiting list for physiotherapy At 12 w, exercise group had greater improvements
in pain (VAS), physical function (WOMAC) and
strength compared to controls
8
Knoop et al.24,78 N ¼ 159 Knee 12 weeks  Strengthening exercises and knee
stabilization therapy, home based
and group based e supervised by
physiotherapist seven sessions
per week
 Strengthening exercises without
knee stabilization therapy, home
based and group based e
supervised by physiotherapist
seven sessions per week
At 12 w, no between-group differences in
physical function (WOMAC) or any secondary
measures with exception of higher global effect
in knee stabilization group
At 38 w, reduced pain associated with improved
muscle strength and function. Improvements in
proprioception not associated with any outcome
Patients with greater baseline muscle strength
had greater improvement in physical function
from strengthening exercises combined with
stabilization exercises than those without
724
Koli et al.33 N ¼ 80 Knee 52 weeks  High-impact aerobic program,
three times per week supervised
 Usual care At 52 w, exercise group had favourable
changes in patellar cartilage measured by
T2 mapping compared to controls
No between-group difference in self-reported
measures (KOOS)
7
Lun et al.75 N ¼ 37 Knee 12 weeks  Hip strengthening exercise
 Leg strengthening
 Both partially supervised by
physiotherapist, 3e5 sessions
per week
 N/A At 12 w, no-between-group differences in
self-reported measures (KOOS and WOMAC)
or objective measures of physical function
5
Nam et al.76 N ¼ 30 Knee 6 weeks  Exercise using a step and
unstable surface, three sessions
per week
 Exercise without using a step
and on a stable
surface, three sessions per week
At 6 w, no between-group differences in
change scores were reported
3
Osteras et al.9 N ¼ 130 Hand 12 weeks  Exercise e hand and upper limb
strengthening and stretching e
three home exercise sessions
per week plus four group sessions
with OT
 Usual care At 3 m, exercise group had small but signiﬁcant
improvement in pain, stiffness and function
compared to controls
At 6 m, there were no between-group differences
8
Svege et al.12 N ¼ 109 Hip 12 weeks  Exercise therapy, 2e3 times
per week supervised by
physiotherapist
 Usual care, with education At 6 y, there was a 44% reduction in need for
total hip replacement in exercise group
compared to controls
7
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Villadsen et al.11 N ¼ 165 Knee
and hip
8 weeks  Neuromuscular exercise,
supervised by physiotherapist
twice weekly
 Usual care At 8 w, neuromuscular exercise group
signiﬁcantly improved all self-reported
outcom d majority of objective
function sts. Effects were moderate
in hip O tients and small (non signiﬁcant)
in knee atients
8
Electrotherapy
Ammar et al.79 N ¼ 60 Knee 6 weeks  Monochromatic infrared photo
energy, two treatments per week
 Low level laser therapy, two
treatments per week
At 6 w, were no between-group differences
in pain ) or self-reported function
5
Cakir et al.80 N ¼ 60 Knee 2 weeks  Continuous ultrasound with home
exercise
 Pulse ultrasound with home
exercises
 Both treatments applied by
physiotherapist ﬁve times per week,
exercises three times weekly
 Sham ultrasound with
home exercises
 Treatment applied by
physiotherapist ﬁve times
per week, and exercise three
times weekly
No betw -group differences in WOMAC score,
pain (VA r 20 m walking time after intervention
or 6 m l
Compar control, continuous ultrasound group
had gre improvement in WOMAC pain at 2 w
8
Cherian et al.81 N ¼ 23 Knee 3 months  Transcutaneous electrical nerve
stimulation
 Usual care At 3 m, ter improvements in measures of physical
function uding quadriceps strength in treatment
group c ared to controls
5
Choi et al.82 N ¼ 30 Knee 8 weeks  Physical therapies including hot pack,
ultrasound and transcutaneous electrical
nerve stimulation
 All treatments three times per week
 Ultrasound biofeedback
 Electromyographic feedback
At 8 w, pared to physical therapy group greater
muscle gth and pain reduction observed in
ultrasou iofeedback group and electromyographic
feedbac up
4
Kheshie et al.83 N ¼ 53 Knee 6 weeks  High intensity laser therapy, twice per
week with home exercises
 Low intensity laser therapy, twice
weekly with home exercise
 Placebo laser, with exercise
 Patients attended clinic twice
per week
At 6 w, intensity laser group had greater
improve ts in WOMAC stiffness compared to
both low ensity group and control group
No diffe es between low intensity laser
group a ntrol
7
Krauss et al.84 N ¼ 218 Hip 12 weeks  Exercise therapy
 Ultrasound group
 Control group e no treatment
 Placebo ultrasound group
At 12 w n (SF-36 and WOMAC) and function
(WOMA gniﬁcantly improved in the exercise
group c ared to controls
7
Laufer et al.85 N ¼ 63 Knee 6 weeks  Neuromuscular electrical stimulation
with group exercise program, delivered
twice weekly
 Group exercise program
delivered twice weekly
At 6 w o w, no effect of adding neuromuscular
electrica mulation to group exercise
5
Melo et al.86 N ¼ 45 Knee 8 weeks  Electrical stimulation
 Laser therapy
 Combined electrical stimulation and laser
 All treatments twice per week
 N/A At 8 w, pared to laser, electrical stimulation
combin oup had greater increases in muscle
thickne
No betw -groups difference for objective
measur physical function
7
Paolillo et al.87 N ¼ 45 Hand 12 weeks  Ultrasound and laser therapy
 Ultrasound and laser therapy and exercise
 Treatments once per week
 Placebo laser At 12 w ssure pain thresholds signiﬁcantly
decreas the ultrasound and laser therapy
group a the ultrasound, laser therapy and
exercise up compared to controls
4
Spa therapy/balneotherapy/mud bath
Fioravanti et al.88 N ¼ 103 Knee 2 weeks  Mud-bath therapy, included mud pack onto
knees and bathing e total of 12 applications
 Usual care At 2 w a m but not 12 m, WOMAC function
improve mud-therapy group compared to
controls 2 w and 12 m, pain (VAS) improved
in mud- apy group compared to controls
8
Kulisch et al.89 N ¼ 77 Knee 3 weeks  Therapy, included bathing in
Lake Heviz, Hungry e 30 min,
5 days per week
 Bathing in pool full of tap
water e 30 mins 5 days
per week
At 3 w a 5 w, pain (VAS) and function
(WOMA proved in the spa-treatment
group c ared to controls
7
Acupuncture
Al Rashoud et al.90 N ¼ 49 Knee Not reported  Active laser therapy of variable dosage,
and exercise
 Placebo laser and exercise Laser gr reported improvement in VAS
pain (at and 6 m) and Saudi Knee
Functio le (at 6 m) compared to controls
8
(continued on next page)
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Table II (continued )
Author Sample
size
Joint Intervention
length
Intervention (s) Control comparison (s) Summary of ﬁndings as reported by authors PEDro
score
Hinman et al.46 N ¼ 282 Knee 12 weeks  Needle acupuncture
 Laser acupuncture
 All acupuncture treatments
applied by medical practitioners
1e2 weekly, with a total of 8e12 sessions
 No acupuncture
 Sham laser acupuncture
At 12 w, neither laser nor needle acupuncture
improved pain (NRS) or physical function
(WOMAC) compared with sham
Needle and laser acupuncture resulted in modest
pain improvement at 12 w, but not 12 m
Compared to controls, needle acupuncture had
modest function improvement at 12 w, but
not 12 m
7
Martins et al.91 N ¼ 613 Knee and hip 3 year  Acupuncture within ﬁrst 3 months of
usual care
 For both groups acupuncture
treatments applied by medical
practitioners up to 15 sessions
 Acupuncture after the ﬁrst 3
months of usual care
At 3 y, WOMAC scores did not signiﬁcantly
differ between the two groups
4
Plaster et al.92 N ¼ 60 Knee 30 min  Manual acupuncture  Electroacupuncture No between-group differences of a single
session on pain (NRS), muscle strength
or objective mobility
6
Bracing
Callaghan et al.40 N ¼ 126 Knee 6 weeks  Brace e worn on average 7 h per day  No brace At 6 w, brace-group reported lower pain
(VAS) and reduced patellofemoral
(but not tibiofemoral) bone marrow
lesion volume compared to controls
8
Cherian et al.93 N ¼ 52 Knee 12 weeks  Brace, at least 3 h per day while
ambulating
 No brace, usual care No between-group differences in change
scores were reported
2
Lateral wedges insoles
Campos et al.94 N ¼ 58 Knee 24 weeks  Lateral wedge insole with subtalar
strapping, 5e10 h per day
 Neutral insole with subtalar
strapping, 5e10 h per day
At 2, 8, or 24 w, no between-group
differences in pain assessed using VAS,
WOMAC or Lequesne scores
5
Taping
Anandkumar et al.98 N ¼ 40 Knee 30 min  Therapeutic kinesio tape with tension e
no details who applied tape
 Sham kinesio tape without
tension e no details who
applied tape
Tape group showed greater immediate
improvements in quadriceps torque,
stair-climbing task and pain than controls
8
Cho et al.65 N ¼ 46 Knee 4 weeks  Kinesio taping with tension e applied
by physiotherapist
 Kinesio taping without tension No between-group differences in change
scores reported
8
Manual therapy
Dwyer et al.96 N ¼ 83 Knee 4 weeks  Manual and manipulative therapy e
six treatments with chiropractor
 Manual and manipulative therapy and
rehabilitation program e
six treatments with chiropractor with
additional time for exercise
 Rehabilitation program e
three treatment sessions
with chiropractor
and home exercise, three
times per week
At 5 w, no between-group differences
in WOMAC scores or knee ﬂexion/
extension angle
8
Gait retraining
Segal et al.97 N ¼ 56 Knee 3 months  Gait training on instrumented
treadmill, with individualized
biofeedback, e two sessions
per week supervised by physical
therapist
 Usual care At 3 m, greater improvements in mobility,
disability and symptoms (KOOS) in gait
training group compared to controls but
not at 6 m or 12 m.
No between-group differences for objective
measures of function or self-reported pain
or function (KOOS) at 3 m, 6 m or 12 m
5
PEDro (score 0e10; where 10 is the best possible score); criteria 1) random allocation; 2) concealed allocation; 3) comparable groups at baseline; 4) participant blinding; 5) therapist blinding; 6) assessor blinding; 7) <15%
dropout rate; 8) intention-to-treat analysis; 9) between-group difference reported; 10) point estimate and variability reported.
OT: occupational therapist; NRS: Numeric Rating Scale; TENS: transcutaneous electrical nerve stimulation.
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leagues also reported post hoc analyses24 from a RCT comparing
two strengthening/functional exercise programs with and without
initial knee stabilization exercises that initially found similar im-
provements in pain, activity limitations and knee instability in 159
people with knee OA25. The knee stabilization exercises speciﬁcally
addressed perception of knee position and knee motion, along with
static and dynamic control of the knee. The post hoc analyses
showed that muscle strength modiﬁed the effect of the exercise
program such that initial knee stabilization exercises may have
greater beneﬁt over an exercise programwithout knee stabilization
in patients with stronger muscles while in those with weaker knee
muscles, the standard exercise program may be more effective24.
Overall the ﬁndings of these exploratory studies, which will require
conﬁrmation in future research with a priori hypotheses, suggest
that exercise programs should be tailored according to biome-
chanical characteristics that can be easily measured clinically in
order to optimize treatment outcomes. Further to this, character-
istics of the disease, such as knee instability, may mediate effects of
exercise and should also be considered. Overall these ﬁndings align
with the general interest across OA research of identifying patient
proﬁles that may lead to more personalized health care with tar-
geted treatment for OA26.
Another means of improving outcomes from exercise is to
maximize adherence, particularly following the completion of
structured exercise programs. Two RCTs published in the year
under review addressed this issue. Bennell et al.27 found that
following an initial 12-week period of more intensive exercise
supervision, two additional physiotherapy ‘booster’ visits did not
improve pain or function outcomes nor home exercise adherence
over a subsequent 24-week period in 78 peoplewith knee OA. This
suggests that other strategies are needed to improve longer-term
exercise adherence. The second study, a pilot RCT by Focht et al.28
and involving 80 people (mostly women) with knee OA, used a
group-mediated cognitive behavioural intervention. This was
designed to promote the systematic development of self-
regulatory skills and facilitate motivation to develop and imple-
ment behavioural skills to maintain long-term independent ex-
ercise and physical activity participation. Compared to traditional
centre-based exercise therapy, the group-mediated intervention
resulted in signiﬁcantly greater increases in physical activity
levels (as measured by accelerometry) at 12 months (83 min per
week vs 33 min) and a non-signiﬁcant favourable improvement in
mobility (P ¼ 0.09). This approach to promoting physical activity
shows promise for people with knee OA and should be further
explored.
Although the effects of exercise on knee OA symptoms are well
established, effects on structural indicators of disease are unclear
due to a limited number of clinical trials in this area and few being
adequately powered for structural outcomes29e32. Koli et al.33 re-
ported the ﬁndings of a secondary analysis from a RCT comparing a
12 months, thrice weekly supervised progressive high-impact
aerobic and step-aerobic jumping exercise program with no inter-
vention in 80 postmenopausal women with knee pain and mild
knee OA (KL grade 1 or 2). Compositional properties of patellar
cartilage were estimated using the transverse relaxation time (T2)
from magnetic resonance imaging (MRI). The results showed sig-
niﬁcant beneﬁts of exercise for full-thickness patellar cartilage T2
values, speciﬁcally in the deep half of the tissue as well as in the
lateral segment with between-group differences in the order of
7e12%. While the decreased mean T2 relaxation times suggest
improved cartilage quality, the clinical relevance of T2 values re-
mains unknown. It is also unclear why these ﬁndings at the
patellofemoral joint contrast the authors' previous ﬁndings from
the same RCT where the exercise program had no effect ontibiofemoral T2 values34. A lack of exercise effect on tibiofemoral
cartilage may relate to an inappropriate loading stimulus (its high
impact nature may in fact have overloaded cartilage) or measure-
ment variability at this site. Further research is needed to deter-
mine the long-term structural effects of different types of exercise
across different stages of OA disease before conclusions can be
made.
Biomechanical interventions
Knee braces aim to reduce knee load during walking, thereby
potentially improving symptoms and preserving joint structure.
The biomechanical effects of valgus bracing were investigated in a
systematic review by Moyer and colleagues35. They showed that
valgus bracing for medial compartment knee OA can alter knee
joint loads through a combination of mechanisms. In particular,
meta-analysis from 17 studies (218 participants) found that bracing
signiﬁcantly reduced the knee adductionmoment35 (SMD 0.61, 95%
CI 0.39e0.83; P < 0.001), a biomechanical indicator of medial-
lateral knee load distribution that has been linked to structural
disease progression36,37.
Despite favourable biomechanical changes with valgus bracing,
two recent systematic reviews have reported evidence of limited
symptomatic beneﬁt with respect to pain and function38,39. In a
pooled analysis that included ﬁve RCTs (295 participants), Moyer
et al.38 found that, compared to no bracing, valgus bracing had a
small beneﬁt of likely marginal clinical importance in Western
Ontario and McMaster Universities (WOMAC) pain score (mean
difference 1.49, 95% CI 0.36e2.62, score range 0e20) and no effect
on WOMAC physical function (mean difference 3.11, 95%
CI 0.49e6.88, score range 0e68). Similarly, an updated Cochrane
review39 that included four RCTs reported that valgus bracing re-
sults in little or no effect on pain and knee function. However as the
methodological quality of the studies was deemed to be low, the
evidence was considered by the authors to be inconclusive. Further
high quality research is needed to determine the beneﬁts of bracing
in patients with knee OA and whether particular subgroups of
patients respond differently.
By reducing joint load, knee braces do have the potential to slow
structural OA disease progression. In a pivotal study, Callaghan
et al.40 performed the ﬁrst RCT testing this premise by evaluating
the effect of a patellofemoral brace on pain and bone marrow le-
sions (BMLs) on MRI in 126 participants with patellofemoral OA.
Twenty ﬁve percent of the trial knees did not have patellofemoral
BMLs at baseline which may have attenuated treatment effects.
Participants wore the brace for a mean of 7.4 h per day for 6 weeks.
The results showed that the brace group had a signiﬁcant 18%
greater reduction in patellofemoral BML volume (between-group
difference 490.6 mm3, 95% CI 929.5e51.7; P ¼ 0.03), but not in
tibiofemoral BML volume, when compared to the control group.
While ﬁndings from this study suggest a potential disease-
modifying effect of patellofemoral bracing at the targeted patello-
femoral joint compartment, future research with longer follow up
is necessary to conﬁrm these ﬁndings. There was a signiﬁcant
between-group difference in the change in knee pain in favour of
the brace group although the magnitude of the difference was
relatively small (difference1.3 cm, 95% CI2.0e0.7; P < 0.001 in
Visual Analogue Scale (VAS) scale, score range 0e10) and partici-
pants were not blinded which is likely to lead to an overestimation
of treatment effects on self-reported outcomes such as pain.
Importantly, the results of this study highlight the short-term
responsiveness of BMLs as a structural outcome measure, and
thus their utility as an indicator of structural outcome in future
rehabilitation trials. This may improve the feasibility of assessing
the structural effects of rehabilitation interventions that up until
K.L. Bennell et al. / Osteoarthritis and Cartilage 24 (2016) 58e7066now has been impractical given the need for large sample sizes and
extended follow-up when using cartilage outcomes.
Another biomechanical intervention that aims to reduce medial
knee compartment load during walking, and thereby improve pain
and function, is lateral wedge insoles. In a Cochrane review39,
pooling of three RCTs comparing lateral wedge insoles with neutral
insoles (358 participants, moderate quality evidence) found little
evidence of an effect on pain (absolute percent change 1.0%, MD 0.1,
95% CI 0.45e0.65) or on WOMAC function scores (absolute
percent change 0.9%, MD 0.94, 95% CI2.98e4.87) after 12 months.
This may be partly due to a lack of sustained biomechanical effect of
lateral wedge insoles, given that the results of a RCT by Dui-
venvoorden et al.95 showed that the 4% reduction in knee load
apparent with insoles at baseline was no longer observed after 6
months of wear. The ﬁndings of this latest Cochrane review support
clinical guidelines that no longer recommend lateral wedge insoles
for the management of knee OA2.Box1
Areas for future research in rehabilitation for OA
 Identification of more effective treatments for hand OA
 Investigation of clinically measureable patient character-
istics that influence response to rehabilitation treatments
and evaluation of the effects of targeting treatment to
these
 Development and evaluation of strategies to maximize
exercise adherence and increase physical activity levels
 Longer-term effects of exercise on outcomes such as joint
replacement and quality of life
 Effects of rehabilitation treatments on joint structureAcupuncture
Acupuncture has gained popularity for the treatment of
musculoskeletal pain conditions41 including OA42. It is traditionally
applied via the insertion of needles into acupuncture points, with
or without mechanical or electrical stimulation. A non-invasive
alternative to needle acupuncture is application of low intensity
laser therapy to acupuncture points. Currently clinical guideline
recommendations regarding the role of acupuncture for OA are
inconsistent14. This is likely due to conﬂicting ﬁndings from clinical
trials, many with low methodologic quality and high risk of bias,
varying judgement about the most appropriate comparator (no
acupuncture/usual care or sham acupuncture) for determining
acupuncture efﬁcacy, as well as lack of consensus regarding what
constitutes the minimum clinically important difference in patients
with OA to determine acupuncture's clinical effectiveness.
In the most recent systematic review of acupuncture for OA by
Manyanga et al.43 12 RCTs (1763 participants) published up until
May 2014 were identiﬁed. The results demonstrated statistically
signiﬁcant reductions in pain with acupuncture (SMD 0.29, 95%
CI 0.55e0.02) but these did not meet the threshold for minimal
clinically important effects. Moreover, 75% of the included trials
were considered to be at unclear or high risk of bias. Effect esti-
mates were likely overestimated44 particularly given failure to
maintain patient blinding and allocation concealment. The inability
to also blind acupuncturists to active and sham needle acupuncture
is another limitation of acupuncture trials. This is important as
acupuncturists' communication of optimism about treatment
effectiveness has indirect effects on patient satisfaction during
treatment thereby inﬂuencing acupuncture outcomes45.
Some of these limitations were overcome in a RCT by Hinman
et al.46 where a 12-week program of laser and needle acupuncture
was evaluated in 282 older people with chronic knee pain. Use of a
custom-developed laser machine that delivered active or sham
laser depending on a pre-programmed randomization code
allowed blinding of both acupuncturists (medical doctors) and
participants. A Zelen design was utilized in which participants
consented to treatment following randomization and those ran-
domized to no acupuncture remained unaware of the clinical trial.
This allowed a no acupuncture control group at low risk of response
bias. This trial showed that compared with sham laser at 12 weeks,
neither needle or laser acupuncture improved pain or function.
While both needle and laser acupuncture improved pain compared
to no acupuncture, the magnitude of the between-group differ-
ences did not meet the a priori deﬁnitions of minimum clinically
important improvement and beneﬁts were not signiﬁcantlydifferent to sham laser acupuncture. The authors concluded that
the ﬁndings do not support acupuncture for these patients.Conclusion
The year in review revealed a substantial number of systematic
reviews and RCTs in the area of rehabilitation for OA. Exercise was
themost common treatment investigated. Two large RCTs found no
or little beneﬁt of exercise for hand OA while one found evidence
supporting joint protection education for some patients. At the hip,
exercise has effects on symptoms and may also reduce rate of joint
replacement. For knee OA, new insights were provided in to sub-
groups of patients who may respond differently to exercise based
on biomechanical characteristics, strategies to enhance exercise
adherence, and effects on exercise on structural outcomes. Several
systematic reviews summarized the evidence for biomechanical
interventions such as bracing and insoles while the ﬁrst evidence
that a patellofemoral brace can inﬂuence knee joint structure
emerged. The latest evidence suggests that acupuncture has, at
best, small treatment effects on knee OA pain of unlikely clinical
relevance. The results of this year in review provide directions for
future areas of research focus (see Box 1).Author contributions
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Appendix
Search (((osteoarthritis) AND ((knee OR patellofemoral OR hip
OR hand OR thumb or carpometacarpal))) AND ((((electrotherap*
OR neuromuscular electrical stimulation))) OR (((physiotherapy OR
physical therap* OR rehabilitation OR exercise)) OR (acupuncture
OR brace OR bracing OR shoe ortho* OR lateral wedge* OR insole OR
laser therap* OR manual therap*)))) AND ((random*[Title/Ab-
stract]) OR systematic review[Title/Abstract]) Sort by: Author Fil-
ters: Publication date from 2014/04/01 to 2015/03/31.
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